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	 Background:	 Large language models (LLMs) are increasingly discussed as decision-support tools in emergency care, but their 
agreement with routine emergency department (ED) triage and subgroup behavior remain insufficiently char-
acterized. We evaluated an algorithm-guided LLM against routine ED triage with emphasis on subgroup het-
erogeneity and safety-relevant discordance.

	 Material/Methods:	 This retrospective study included 1960 adult ED visits with complete triage data. A standardized prompt pro-
vided age, sex, chief complaint, comorbidities, systolic/diastolic blood pressure, heart rate, oxygen saturation, 
temperature, and Glasgow Coma Scale. The LLM assigned 1 triage category within a 5-level Emergency Severity 
Index–based system (green, yellow-1, yellow-2, red-1, red-2). Outputs were compared with routine ED triage. 
Performance for urgent vs non-urgent classification was assessed using AUC, sensitivity, specificity, positive 
predictive value, negative predictive value, F1, and accuracy. Five-level agreement was assessed using quadrat-
ic weighted Cohen’s kappa and accuracy. Discordance (lower- and higher-acuity LLM vs routine triage) was an-
alyzed across prespecified subgroups.

	 Results:	 LLM achieved 71.3% five-level accuracy and substantial agreement with routine triage (weighted k = 0.824). For 
urgent/non-urgent classification, AUC was 0.768, sensitivity 0.630, specificity 0.906. Lower- and higher-acuity 
discordance rates were 9.8% and 18.9%. Discordance varied across subgroups; lower-acuity assignments vs 
routine triage were more frequent in older adults, trauma, and diabetes, while infectious presentations showed 
the highest concordance.

	 Conclusions:	 The algorithm-guided LLM showed substantial concordance with routine ED triage but non-uniform subgroup 
discordance, particularly lower-acuity assignments in patients with older age, diabetes, and trauma. As rou-
tine triage served as an operational comparator rather than a gold standard, findings reflect agreement with 
local practice, not definitive accuracy or safety. Prospective outcome validation is required.
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Introduction

Emergency departments (EDs) worldwide continue to experi-
ence rising patient volumes and increasing overcrowding, plac-
ing substantial pressure on already limited healthcare resourc-
es [1,2]. In this high-demand environment, triage serves as a 
critical gatekeeping process, ensuring that patients with time-
sensitive and life-threatening conditions receive prompt evalu-
ation and intervention. Accurate triage not only plays a central 
role in early clinical decision making but also directly influenc-
es patient outcomes, resource utilization, and overall ED effi-
ciency, particularly in resource-constrained and overcrowded 
settings [3]. Errors or delays in triage may lead to missed op-
portunities for early treatment in critically ill patients or unnec-
essary allocation of high acuity resources to non-urgent cases, 
thereby exacerbating overcrowding and workflow inefficiencies.

In recent years, artificial intelligence (AI) and machine learning–
based approaches have gained increasing attention as potential 
tools to support triage decision making in emergency care [4,5]. 
By leveraging routinely collected triage time data such as vital 
signs, demographic characteristics, and chief complaint narra-
tives, data-driven triage models aim to provide rapid and con-
sistent risk stratification at the point of presentation [6]. Recent 
ED machine learning work also demonstrates the feasibility of 
personalized prediction for downstream resource utilization (eg, 
electrocardiogram use), supporting the broader role of data driv-
en decision support in emergency care [7]. In particular, natural 
language processing (NLP) techniques enable the structured in-
terpretation of free-text chief complaints, which represent a rich 
yet underutilized source of clinical information at triage. Several 
studies have reported moderate to good performance of AI-
assisted triage systems, with discrimination metrics often com-
parable to traditional triage scales [4,8,9]. These findings sug-
gest that AI has the potential to augment clinical judgment by 
improving consistency and efficiency, particularly in busy ED set-
tings, where cognitive load and time constraints are substantial.

Despite growing interest in large language model (LLM)-based 
triage systems, important gaps remain in our understanding of 
how these systems perform in clinically complex patient groups. 
Most existing studies focus primarily on overall accuracy or glob-
al discrimination metrics, which provide limited insight into per-
formance across vulnerable populations. In particular, the influ-
ence of advanced age and chronic disease burden on LLM-based 
triage decisions have not been sufficiently characterized. Older 
adults and patients with multiple comorbidities often present 
with atypical or nonspecific symptoms and may not exhibit the 
classical physiological responses associated with acute illness, 
a challenge that is well recognized in geriatric emergency care 
[10,11]. These limitations are particularly relevant in real-world 
ED settings, where triage decisions must often be made rap-
idly with incomplete or nonspecific clinical information. These 

clinical features raise the possibility that LLM-based models re-
lying mainly on structured inputs such as vital signs and symp-
tom patterns may share similar limitations to conventional tri-
age approaches. As a result, models that demonstrate good 
average performance may still be less reliable in situations in 
which patient vulnerability is highest [12]. Furthermore, lower-
acuity LLM assignment compared with routine ED triage rela-
tive to routine ED triage remains insufficiently explored in much 
of the current AI triage literature, limiting a comprehensive un-
derstanding of discordance in real-world settings.

The incremental contribution of the present study is 3-fold. 
First, we evaluated an algorithm-guided, prompt-based LLM 
constrained by a locally implemented 5-level triage framework 
based on Emergency Severity Index principles, providing con-
textual validation within a national rule–based triage setting 
rather than a generic AI classification task. Second, beyond 
global performance metrics, we focused on lower-acuity LLM 
assignment compared with routine ED triage and higher-acu-
ity LLM assignment compared with routine ED triage as safe-
ty relevant discordance relative to routine ED triage. Third, we 
examined prespecified subgroup heterogeneity across age, 
major comorbidities, and presenting complaint categories to 
identify boundary conditions in which agreement may deteri-
orate despite acceptable overall performance. Accordingly, the 
contribution of this study is not limited to overall validation, 
but also includes boundary condition testing and a safety dis-
cordance oriented framing of LLM assisted triage evaluation.

Therefore, the primary objective of this study was not merely to 
measure overall agreement between an LLM-based triage sys-
tem and routine ED triage. Rather, we aimed to test whether 
agreement and safety-relevant discordance varied across pre-
specified clinically distinct patient subgroups. We hypothesized 
that the algorithm-guided LLM would show substantial overall 
agreement with routine ED triage across the 5-level triage scale, 
and that lower-acuity LLM assignment compared with routine 
ED triage relative to routine ED triage would be higher in pre-
defined vulnerable subgroups, particularly older adults, patients 
with diabetes mellitus, and trauma-related presentations. To 
address this, we examined overall 5-level agreement as well as 
subgroup-specific patterns of lower-acuity LLM assignment com-
pared with routine ED triage, higher-acuity LLM assignment com-
pared with routine ED triage, and discrimination according to 
age, major comorbidities, and presenting complaint categories.

Material and Methods

Study Design and Setting

This retrospective observational study was conducted in a 
tertiary care ED. The study evaluated the performance of 
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an LLM-based triage system using routinely collected triage 
time data. The study was approved by the Kütahya Health 
Sciences University Non-Interventional Clinical Research Ethics 
Committee (decision No. 2025/10-25; Date: 11.08.2025). All 
data were anonymized prior to analysis, and informed consent 
was waived due to the retrospective design.

Study Population

Adult patients ( 18 years) presenting to the ED during the 
study period were eligible for inclusion. From the electronic 
medical records, we retrieved ED visits with complete docu-
mentation of the prespecified core triage variables required 
for model inference (age, vital signs, and chief complaint). 
Because these variables were complete for all included re-
cords, no visits were excluded for missing data, yielding a fi-
nal analytic sample of 1960 ED visits.

Data Collection and Variables

Routinely collected triage time data were extracted from elec-
tronic medical records. These included the following: demo-
graphic characteristics (age and sex); vital signs at presen-
tation (systolic and diastolic blood pressure, heart rate, and 
pulse oximetry); free-text chief complaint narratives; docu-
mented comorbid conditions, including diabetes mellitus, hy-
pertension, cardiovascular disease, cerebrovascular disease, 
asthma/chronic obstructive pulmonary disease, chronic kid-
ney disease, and cancer; and presenting complaint catego-
ries, grouped into predefined clinical domains (eg, cardiovas-
cular, respiratory, neurological, gastrointestinal/abdominal, 
trauma, infectious, psychiatric, musculoskeletal, dermatolog-
ic. and gynecological/urological).

Age was categorized into 3 predefined groups (18-44 years, 
45-64 years and  65 years) for stratified analyses.

LLM-Based Triage Inference Protocol

The triage system was implemented as an algorithm-guid-
ed, prompt-based LLM using ChatGPT 5.2 (OpenAI), accessed 
through the standard ChatGPT web interface. All LLM inferences 
were performed between August 1, 2025, and October 1, 2025. 
The model was used as an off-the-shelf system and was not 
fine-tuned, locally trained, or adapted using the study dataset.

Prior to case-level predictions, the model was provided with 
a locally implemented 5-level ED triage algorithm based on 
Emergency Severity Index principles, including definitions and 
decision rules for the 5 acuity categories. The local ED triage 
protocol used in our institution is aligned with this locally im-
plemented 5-level framework.

For each ED visit, the model received a standardized structured 
input in a fixed order: age, sex, chief complaint, comorbidities, 
systolic blood pressure, diastolic blood pressure, heart rate, ox-
ygen saturation, body temperature, and Glasgow Coma Scale. 
An example input was: “21, female, headache, none, SBP 116, 
DBP 81, HR 90, SpO2 98, T 36.1, Glasgow Coma Scale 15”. The 
model was instructed to return exactly 1 triage label from the 
predefined set: green, yellow-1, yellow-2, red-1, or red-2. No 
explanatory text, reasoning, confidence score, or alternative 
label was requested. No routine ED triage label or ED triage 
decision was included in the model input.

Prompt stability was ensured by using the same system in-
struction, the same 5-level triage framework, the same fixed 
input order, and the same output restriction for all cases. Each 
ED visit was evaluated independently, and no conversation his-
tory was carried over between cases. No iterative prompting, 
feedback, chain of thought elicitation, clinician adjudication 
during inference, or post hoc selection among multiple out-
puts was performed.

Each case was evaluated in a single-pass format. Outputs were 
not regenerated or repeated for performance optimization. 
The only prespecified exception was that if an output did not 
exactly match one of the predefined triage labels, the iden-
tical prompt would be re-issued once, solely to obtain a val-
id label format. In the present dataset, all outputs matched 
the predefined label set, and no cases required exclusion for 
invalid output.

The standard ChatGPT web interface did not allow manu-
al control or reporting of deterministic sampling parameters 
such as temperature, top-p, seed, or related decoding settings. 
Therefore, the platform’s default user interface settings were 
used consistently for all queries. Because commercial LLM 
systems may undergo version updates and may show output 
variability over time, the reported agreement metrics should 
be interpreted as specific to the model version, interface, in-
ference period, and fixed prompt protocol used in this study.

All model inputs were de-identified and contained no direct 
patient identifiers. Free-text chief complaints were included 
as recorded at triage, but no additional clinical notes, diagnos-
tic results, radiology reports, treatment information, disposi-
tion outcomes, or follow-up data were provided to the model.

For LLM inference, the prompt included only the chief complaint 
text as documented at triage, together with the prespecified 
structured variables; no additional narrative notes or complete 
symptom lists were entered. When multiple complaints were 
documented in the triage complaint field, the predominant 
triage concern recorded by ED staff was retained as the chief 
complaint input. For subgroup categorization of presenting 
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complaints, predefined clinical domains were applied using 
structured review of the chief complaint field; when overlap-
ping features were present, trauma was prioritized.

Reference Standard and Triage Classification

The reference standard was the routine triage acuity assigned 
by experienced ED triage personnel according to the local triage 
protocol. This operational triage decision was used as the com-
parator because it reflects real-world workflow in the study set-
ting. For the primary binary analysis, ED triage categories were 
dichotomized as urgent (red-1/red-2) vs non-urgent (green/yel-
low-1/yellow-2). Lower-acuity LLM assignment compared with 
routine ED triage was defined as the LLM assigning non-urgent 
when ED triage was urgent; higher-acuity LLM assignment com-
pared with routine ED triage was defined as the LLM assign-
ing urgent when ED triage was non-urgent. Routine ED triage 
was used as a pragmatic operational comparator reflecting 
real-world workflow in the study setting; however, it was not 
treated as an outcome-validated gold standard for true clin-
ical urgency. Accordingly, all reported performance measures 
should be interpreted as agreement or discordance relative 
to routine ED triage rather than definitive clinical correctness.

This 5-level framework is the routine triage system used in 
our setting and is conceptually comparable to other 5-level 
triage systems used internationally, although specific criteria 
and acuity thresholds are not identical.

Repeat Run Stability Analysis

Repeat-run (test-retest) stability was evaluated in a prespec-
ified subset of 500 visits by re-running the identical prompt 
template and input schema. Agreement between the initial and 
repeat LLM outputs was assessed using quadratic weighted 
Cohen’s kappa for the 5-level triage labels and Cohen’s kappa 
with absolute percent agreement for the binary urgent/non-
urgent classification.

Outcomes

The primary prespecified analysis was a binary urgent/non-ur-
gent comparison based on routine ED triage (urgent: red-1/red-
2; non-urgent: green/yellow-1/yellow-2). Binary performance 
was evaluated using area under the receiver operating char-
acteristic curve (AUC), sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), F1 score, and 
accuracy. A complementary ordinal analysis evaluated agree-
ment across all 5 triage categories using quadratic weighted 
Cohen’s kappa, 5-level accuracy, and a 5 × 5 confusion matrix.

Planned summary outputs also included the overall proportion 
of correctly classified cases across the 5-level triage scale and 

the overall lower-acuity LLM assignment compared with rou-
tine ED triage and higher-acuity LLM assignment compared 
with routine ED triage proportions in the full cohort. These 
overall results are presented in the main Results text and in 
the corresponding figures and tables.

Prespecified hypothesis-driven subgroup analyses were per-
formed to examine heterogeneity in agreement and safety 
relevant discordance across clinically distinct patient groups. 
These subgroup analyses focused on age strata, major comor-
bidities, and presenting complaint categories, with particular 
emphasis on whether lower-acuity LLM assignment compared 
with routine ED triage relative to routine ED triage was high-
er in predefined vulnerable subgroups.

Statistical Analysis

Continuous variables were summarized as mean ± standard 
deviation, and categorical variables as counts and percentag-
es. Normality of continuous variables was assessed using the 
Shapiro-Wilk test. Normally distributed variables were compared 
using the independent-samples t test, whereas non-normally dis-
tributed variables were compared using the Mann-Whitney U 
test. Analyses were structured into 3 prespecified components: 
(1) overall agreement across the 5-level triage scale, (2) binary 
urgent/non-urgent classification performance, and (3) exploratory 
subgroup analyses according to age, comorbidities, and present-
ing complaint categories. Five-level agreement between the LLM 
and routine ED triage was evaluated using quadratic weighted 
Cohen’s kappa, 5-level accuracy, and a 5 × 5 confusion matrix.

For binary urgent/non-urgent analyses, urgent ED triage (red-1/
red-2) was treated as the positive class and non-urgent ED tri-
age (green/yellow-1/yellow-2) as the negative class. Diagnostic 
performance was assessed using sensitivity, specificity, PPV, 
NPV, F1 score, and overall accuracy. ROC analysis and AUC 
with corresponding 95% CIs were calculated for the overall co-
hort and age strata. For comorbidity and presenting complaint 
subgroups, analyses focused on descriptive concordance and 
lower-acuity and higher-acuity discordance patterns relative 
to routine ED triage. For ROC and AUC analyses, the 5 triage 
categories were encoded as an ordinal score (green = 1, yel-
low-1 = 2, yellow-2 = 3, red-1 = 4, red-2 = 5), with higher scores 
indicating greater urgency. For binary point-estimate metrics, 
LLM outputs of red-1 or red-2 were classified as predicted ur-
gent, whereas outputs of green, yellow-1, or yellow-2 were 
classified as predicted non-urgent.

Lower-acuity LLM assignment compared with routine ED triage 
was defined as assignment of a non-urgent category when rou-
tine ED triage was urgent, and higher-acuity LLM assignment 
compared with routine ED triage as assignment of an urgent 
category when routine ED triage was non-urgent.
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Subgroup analyses were prespecified but exploratory and de-
scriptive. They were performed to examine potential hetero-
geneity in agreement and discordance patterns relative to rou-
tine ED triage, rather than to establish statistically confirmed 
between-group differences or effect modification. No formal 
interaction testing was performed. Therefore, subgroup find-
ings were interpreted as hypothesis-generating descriptive pat-
terns and were not used to make definitive inferential claims 
regarding subgroup-specific model performance. Group com-
parisons were conducted using the chi-square test or Fisher’s 
exact test for categorical variables, and the t test or Mann-
Whitney U test for continuous variables, as appropriate. A 
2-sided P value < 0.05 was considered statistically significant.

To assess across-run output stability, a repeat-run (test-re-
test) analysis was performed in a prespecified subset of 500 
visits by re-running the identical prompt template and input 
schema. Agreement between runs was quantified using qua-
dratic weighted Cohen’s kappa for the 5-level triage labels 
and Cohen’s kappa with percent agreement for the binary ur-
gent/non-urgent classification.

All analyses were performed using IBM SPSS Statistics and 
Python.

Results

Cohort Characteristics

A total of 1960 ED visits were included. All model outputs 
matched the predefined label set; therefore, no cases were 
excluded due to invalid responses. Urgent cases (red-1/red-
2) accounted for 431 of 1960 visits (22.0%), while non-urgent 
cases accounted for 78.0% of the cohort. Baseline character-
istics by ED triage urgency are summarized in Table 1.

Overall 5-Level Agreement

Five-level agreement between the LLM and routine ED triage 
is presented in Figure 1 as a 5 × 5 confusion matrix. Quadratic 
weighted Cohen’s kappa indicated strong ordinal agreement 
(k = 0.824, 95% CI: 0.807-0.840). Most disagreements occurred 
between adjacent acuity levels (eg, yellow-1 vs yellow-2), where-
as discordance spanning non-urgent to urgent categories ac-
counted for the lower-acuity LLM assignment compared with 
routine ED triage and higher-acuity LLM assignment compared 
with routine ED triage patterns described below.

Binary Urgent/Non-Urgent Classification Performance

ROC analysis was performed to evaluate the ability of the LLM-
based triage system to distinguish urgent (red-1/red-2) from 

non-urgent (green/yellow-1/yellow-2) cases. In the overall co-
hort, the LLM system achieved an AUC of 0.768, sensitivity of 
0.630, specificity of 0.906, PPV of 0.672, NPV of 0.888, F1 score 
of 0.650, and overall accuracy of 0.845. Age-stratified perfor-
mance metrics are summarized in Table 2.

Exploratory Subgroup Analyses

Prespecified exploratory subgroup analyses were performed ac-
cording to age, major comorbidities, and presenting complaint 
categories to describe potential heterogeneity in agreement and 
discordance patterns relative to routine ED triage. These analy-
ses were descriptive, and no formal interaction testing was per-
formed. Therefore, the subgroup findings should be interpreted 
as hypothesis-generating patterns rather than statistically con-
firmed between-group differences. To further characterize the 
clinical contexts in which lower-acuity LLM assignment compared 
with routine ED triage and higher-acuity LLM assignment com-
pared with routine ED triage occurred, we examined stratified 
subgroup results. In prespecified age-stratified descriptive anal-
yses, AUC was numerically lower in older age groups, with the 
lowest estimate observed in patients aged 65 years and older. 
Among patients aged 18 to 44 years, the AUC was 0.774 (95% 
CI: 0.723-0.823), compared with 0.760 (95% CI: 0.715-0.801) in 
those aged 45 to 64 years and 0.705 (95% CI: 0.662-0.744) in 
those aged 65 years and older. Descriptively, lower-acuity LLM 
assignment compared with routine ED triage was more fre-
quent in the oldest age group, whereas concordant LLM–rou-
tine triage assignment was most frequent in younger adults.

In the overall study population, the LLM system correctly classi-
fied 71.3% of cases, while 9.8% were lower-acuity LLM assign-
ment compared with routine ED triaged, and 18.9% were high-
er-acuity LLM assignment compared with routine ED triaged. 
Age-stratified lower-acuity LLM assignment compared with 
routine ED triage and higher-acuity LLM assignment compared 
with routine rates of ED triage are summarized in Figure 2.

When stratified by age, patients aged 18 to 44 years demon-
strated the highest proportion of concordant LLM routine tri-
age assignments, accompanied by relatively low rates of low-
er-acuity LLM assignment compared with routine ED triage 
(5.4%) and higher-acuity LLM assignment compared with rou-
tine ED triage (17.9%). In the 45 to 64 years age group, low-
er-acuity LLM assignment compared with routine ED triage in-
creased to 10.3%, while concordant assignment decreased to 
66.5%. Among patients aged 65 years and older, lower-acuity 
LLM assignment compared with routine ED triage was more 
frequent (18.1%), whereas concordant assignment was com-
paratively lower than in younger adults (65.6%).

Higher-acuity LLM assignment compared with routine ED tri-
age and lower-acuity LLM assignment compared with routine 
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Non-urgent Urgent P value

Sex, n < 0.001

	 Female 	 841	 (82.5%) 	 178	 (17.5%)

	 Male 	 688	 (70%) 	 253	 (30%)

Age (years) < 0.001

	 18-44 	 876	 (90.9%) 	 88	 (9.1%)

	 45-64 	 368	 (72.9%) 	 137	 (27.1%)

	 65 	 285	 (58%) 	 206	 (42%) 

Vital parameters

	 Systolic blood pressure (mm Hg) 124 ± 20 126 ± 30 0.990

	 Diastolic blood pressure (mm Hg) 76 ± 11 75 ± 16 0.010

	 Heart rate (beats/min) 93 ± 17 93 ± 23 0.035

	 Pulse oximetry (%) 97 ± 2 94 ± 6 < 0.001

Medical history

	 Diabetes mellitus 	 164	 (56.6%) 	 126	 (43.3%) < 0.001

	 Hypertension 	 236	 (57.4%) 	 175	 (42.6%) < 0.001

	 Cardiovascular disease 	 128	 (43.5%) 	 166	 (56.5%) < 0.001

	 Cerebrovascular disease 	 15	 (42.9%) 	 20	 (57.1%) < 0.001

	 Asthma/COPD 	 32	 (44.4%) 	 40	 (55.6%) < 0.001

	 Chronic kidney disease 	 9	 (40.9%) 	 13	 (59.1%) < 0.001

	 Cancer 	 30	 (76.9%) 	 9	 (23.1%) 0.868

Complaint categories < 0.001

	 Cardiovascular 	 128	 (42.5%) 	 173	 (57.5%)

	 Respiratory 	 41	 (40.6%) 	 60	 (59.4%)

	 Neurological 	 179	 (78.9%) 	 48	 (21.2%)

	 Gastrointestinal/abdominal 	 345	 (88.9%) 	 43	 (11.1%)

	 Trauma 	 201	 (77.6%) 	 58	 (22.4%)

	 Psychiatric 	 24	 (66.7%) 	 12	 (33.3%)

	 Infectious 	 367	 (94.8%) 	 20	 (5.2%)

	 Dermatologic 	 33	 (84.6%) 	 6	 (15.4%)

	 Musculoskeletal 	 146	 (96.1%) 	 6	 (3.9%)

	 Gynecological/urological 	 65	 (92.9%) 	 5	 (7.1%)

Table 1. Baseline characteristics by emergency department triage urgency (urgent vs non-urgent).

* Categorical variables were compared using the chi-square test or Fisher’s exact test, as appropriate. Continuous variables were 
compared using the independent-samples t test or Mann-Whitney U test, according to data distribution.
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ED triage rates of the LLM-based triage system according to 
comorbid conditions and presenting complaint categories are 
shown in Figure 3.

In prespecified descriptive subgroup analyses by comorbidity, 
patients with diabetes mellitus showed a lower proportion of 
concordant LLM routine triage assignments and a higher fre-
quency of lower-acuity LLM assignment compared with routine 
ED triage than the overall cohort. By presenting complaint, in-
fectious presentations showed the highest proportion of con-
cordant assignments and comparatively low discordance in 
the lower-acuity direction, whereas trauma-related presen-
tations showed more frequent lower-acuity LLM assignment 
compared with routine ED triage.

Among patients with diabetes mellitus, concordant LLM rou-
tine triage assignment was observed in 56.6% of cases, with 
lower-acuity LLM assignment compared with routine ED tri-
age in 19.3% and higher-acuity LLM assignment compared 
with routine ED triage in 24.1%. In patients with hypertension, 
concordant assignment was observed in 66.9%, whereas low-
er-acuity and higher-acuity LLM assignments compared with 
routine ED triage occurred in 14.6% and 18.5%, respectively. 
For patients with cardiovascular disease, concordant assign-
ment was observed in 67.3% of cases, with lower-acuity and 
higher-acuity LLM assignments compared with routine ED tri-
age in 13.9% and 18.7%, respectively.

When stratified by presenting complaint, gastrointestinal 
presentations showed a lower proportion of concordant LLM 
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Figure 1. �Five-level confusion matrix (5 × 5) 
comparing routine emergency 
department (ED) triage (reference) and 
large language model (LLM)-based 
triage (predicted) across 5 categories 
(green, yellow-1, yellow-2, red-1, 
red-2).

AUC (95% CI) Accuracy Sensitivity Specificity PPV NPV F1 score

All patients
0.768

(0.745-0.791)
0.845 0.630 0.906 0.672 0.888 0.650

18-44 years
0.774

(0.723-0.823)
0.927 0.587 0.961 0.614 0.957 0.600

45-64 years
0.760

(0.715-0.801)
0.809 0.652 0.868 0.642 0.872 0.647

 65 years
0.705

(0.662-0.744)
0.716 0.635 0.775 0.718 0.702 0.674

Table 2. ROC performance of large language model (LLM)-based triage for urgent cases by age group.

Abbreviations: AUC, area under the receiver operating characteristic (ROC) curve; PPV, positive predictive value; NPV, negative 
predictive value.
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routine triage assignments (60.8%), accompanied by more fre-
quent lower-acuity and higher-acuity LLM assignments com-
pared with routine ED triage (14.2% and 25.0%, respectively). 
Infectious presentations demonstrated the highest proportion 
of concordant assignments (80.1%), with comparatively low 
lower-acuity discordance relative to routine ED triage (4.1%) 
and moderate higher-acuity discordance (15.8%).

Cardiovascular presentations were predominantly concordant 
with routine ED triage (76.7%), with lower-acuity and higher-
acuity LLM assignments compared with routine ED triage in 
6.0% and 17.3% of cases, respectively. In contrast, trauma-re-
lated presentations showed more frequent lower-acuity LLM 
assignment compared with routine ED triage (22.0%), despite 
a concordant assignment rate of 68.0% and a lower frequen-
cy of higher-acuity discordance (10.0%) compared with other 
categories. In neurological presentations, concordant assign-
ment was lower (63.9%), with contributions from both low-
er-acuity and higher-acuity LLM assignments compared with 
routine ED triage (10.6% and 25.6%, respectively).

Repeat-Run Stability Analysis

Repeat-run stability was evaluated in a prespecified subset 
of 500 visits using the identical prompt template and input 

schema. Across repeated runs, 5-level agreement was excel-
lent, with a quadratic weighted Cohen’s kappa of 0.976. For 
the binary urgent/non-urgent classification, absolute agree-
ment between runs was 96.8%, with a Cohen’s kappa of 0.925. 
These findings indicate high across-run output stability under 
the fixed inference protocol used in this study.

Discussion

In this retrospective agreement-based evaluation, an algo-
rithm-guided LLM showed substantial concordance with rou-
tine ED triage, with high 5-level ordinal agreement (weighted 
k = 0.824), moderate discrimination for urgent vs non-urgent 
routine triage categories (AUC 0.768), and high specificity rela-
tive to routine non-urgent triage assignments (0.906). However, 
because routine ED triage was used as an operational compar-
ator rather than an outcome-validated gold standard, these 
findings should be interpreted as agreement with local triage 
practice rather than evidence of true agreement with routine 
ED triage or validated safety. ED presentations are inherent-
ly heterogeneous, encompassing different age groups, comor-
bidity profiles, symptom patterns, and levels of acuity. In this 
context, our findings suggest that LLM-based triage concor-
dance is unlikely to be uniform across all patient groups and 
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Figure 2. �Age stratified higher-acuity LLM assignment compared with routine ED triage and lower-acuity LLM assignment compared 
with routine ED triage rates of the LLM-based triage system * Subgroup results are descriptive and exploratory. ** Age-
stratified concordant LLM–routine triage assignment, lower-acuity LLM assignment compared with routine ED triage, and 
higher-acuity LLM assignment compared with routine ED triage rates. Error bars indicate Wilson 95% confidence intervals. 
Numbers indicate subgroup sample size.
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should not be judged solely by overall summary metrics. The 
higher frequency of lower-acuity LLM assignments compared 
with routine ED triage among older adults, patients with dia-
betes mellitus, and trauma-related presentations supports the 
need for subgroup-sensitive evaluation and outcome-based 
validation of future LLM-supported triage systems.

In a real-world cohort largely composed of non-urgent rou-
tine triage presentations, the LLM showed an overall 5-lev-
el concordance of 71.3% and high specificity for non-urgent 
routine ED triage categories. This pattern suggests that the 
model frequently aligned with lower-acuity routine triage as-
signments, which may be relevant in crowded EDs, where un-
necessary prioritization can affect resource use and patient 
flow. However, these findings should not be interpreted as 
evidence that the model accurately identified true low-acu-
ity clinical states, because no outcome-based reference stan-
dard was available. Overall discrimination relative to routine 

ED triage in our study was broadly consistent with previous tri-
age systems in emergency care [4,5,13-15]. At the same time, 
binary urgent vs non-urgent metrics alone may not fully cap-
ture disagreements occurring within intermediate triage cat-
egories. For this reason, 5-level agreement measures such as 
weighted kappa and the full confusion matrix provide impor-
tant complementary information when assessing concordance 
with routine triage practice.

An important consideration in triage evaluation is the balance 
between lower-acuity LLM assignment compared with routine 
ED triage and higher-acuity LLM assignment compared with 
routine ED triage. In most emergency settings, lower-acuity 
LLM assignment compared with routine ED triage is general-
ly regarded as the more consequential error because urgent 
patients may experience delayed assessment or treatment, 
whereas higher-acuity LLM assignment compared with rou-
tine ED triage primarily affects resource use and patient flow. 
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Figure 3. �Over and lower-acuity large language model (LLM) assignment compared with routine emergency department (ED) triage by 
comorbidities and complaint categories. Notes: Values are descriptive subgroup estimates. Higher-acuity LLM assignment 
compared with routine ED triage and lower-acuity LLM assignment compared with routine ED triage rates by comorbidities 
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Many established triage systems therefore accept a degree of 
higher-acuity LLM assignment compared with routine ED triage 
in order to reduce missed high-acuity cases [16]. In the pres-
ent study, the LLM showed an higher-acuity LLM assignment 
compared with routine ED triage rate of 18.9% and an lower-
acuity LLM assignment compared with routine ED triage rate 
of 9.8%, suggesting a classification profile that favored sensi-
tivity to urgent illness while maintaining reasonable control of 
unnecessary escalation. Nevertheless, the 5-level confusion ma-
trix showed that some ED red-1/red-2 cases were assigned to 
intermediate yellow categories, indicating that favorable over-
all agreement can still coexist with clinically relevant discor-
dance at the high-acuity boundary. These findings highlight the 
importance of examining misclassification patterns, not only 
summary accuracy measures, when assessing triage systems.

While ROC analysis provides a useful summary of discrimi-
nation relative to routine ED triage, it offers limited insight 
into the direction and potential implications of discordance. 
Therefore, we interpreted lower-acuity LLM assignments com-
pared with urgent routine ED triage as the more safety-rele-
vant direction of disagreement. Importantly, this interpreta-
tion does not establish true clinical harm or confirm missed 
high-acuity illness, because outcome data were not used as 
the reference standard. Rather, it identifies the subgroup con-
texts in which the LLM diverged from routine ED triage in a 
direction that would generally be considered more concern-
ing in triage practice.

In descriptive age-stratified analyses, agreement and discrim-
ination relative to routine ED triage were numerically lower in 
older adults, with the lowest AUC observed in patients aged 
65 years and older and a higher frequency of lower-acuity LLM 
assignment compared with routine ED triage (18.1%). This pat-
tern is clinically plausible, as older adults often present with 
atypical symptoms, nonspecific complaints, or less pronounced 
physiological responses during acute illness [17-19]. Similar 
challenges may also affect LLM-based triage systems that rely 
primarily on structured vital signs and chief complaint text. In 
addition, multimorbidity and polypharmacy can further com-
plicate early risk assessment in this population. Taken togeth-
er, our findings suggest that models performing adequately 
in the general ED population may be less reliable in older pa-
tients unless age-related vulnerability is more explicitly incor-
porated. Future approaches may benefit from age-adapted cal-
ibration strategies, including greater weighting of comorbidity 
burden or frailty-related indicators.

Our descriptive stratified analyses also suggested lower con-
cordance with routine ED triage in patients with greater co-
morbidity burden, particularly those with diabetes mellitus, in 
whom concordant LLM routine triage assignment was 56.6% 
and lower-acuity LLM assignment compared with routine ED 

triage was 19.3%. Similar, although less pronounced, patterns 
were observed in patients with hypertension and cardiovas-
cular disease. These findings are consistent with previous re-
ports showing that medically complex patients are more likely 
to be lower-acuity LLM assignment compared with routine ED 
triaged because acute deterioration may be masked by chron-
ic symptoms or atypical presentations [17,20-23]. Triage sys-
tems based mainly on vital signs and brief complaint descrip-
tions may therefore underestimate risk in these groups. The 
higher lower-acuity LLM assignment compared with routine 
ED triage observed in patients with diabetes mellitus may be 
especially relevant, as autonomic dysfunction, silent ischemia, 
and nonspecific presentations are well recognized in this pop-
ulation. Future LLM-based triage models may benefit from 
more explicit incorporation of comorbidity-related risk factors.

To further explore sources of misclassification, we examined 
performance across presenting complaint categories. A descrip-
tive contrast was observed between infectious and trauma-re-
lated presentations. Infectious complaints showed the highest 
concordant LLM routine triage assignment rate (80.1%) and one 
of the lowest lower-acuity LLM assignment compared with rou-
tine ED triage rates (4.1%), whereas trauma-related presenta-
tions had a substantially higher lower-acuity LLM assignment 
compared with routine ED triage rate (22.0%). This difference 
is clinically plausible. Infectious illnesses often produce mea-
surable physiological abnormalities, such as fever, tachycardia, 
tachypnea, hypoxemia, or hypotension, which are more readily 
captured by routine triage variables and structured inputs [24-
26]. Similar findings have been reported in prior AI-based pre-
diction studies using vital signs and early clinical data [27,28]. 
In contrast, trauma triage frequently depends on information 
that may not be fully represented in standard triage datasets, 
including mechanism of injury, anatomical injury pattern, pain 
behavior, and visual findings, such as deformity or external 
bleeding [29]. As a result, LLM-based systems relying mainly on 
vital signs and complaint text may underestimate severity when 
overt physiological derangement is initially absent. These find-
ings suggest that trauma-focused adaptations, including struc-
tured injury descriptors or integration with rule-based trauma 
protocols, may improve future triage performance.

Taken together, these descriptive subgroup findings suggest 
that lower-acuity LLM assignment compared with routine ED 
triage may be more frequent in certain vulnerable patient 
groups; however, these observations should be interpreted 
as hypothesis-generating and require prospective outcome-
based validation.

Study Strengths

This study has several important strengths. It was conducted in 
a large real-world ED cohort reflecting routine triage practice, 

10
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Halıcı A. et al: 
LLM agreement with emergency department triage

© Med Sci Monit, 2026; 32: e953573
CLINICAL RESEARCH

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



which increases the practical relevance of the findings. The 
inclusion of a broad and heterogeneous patient population, 
encompassing different age groups, comorbidity profiles, and 
presenting complaint categories, allowed detailed subgroup 
analyses beyond conventional aggregate performance mea-
sures, such as overall accuracy or AUC. As a result, the study 
was able to identify clinically meaningful variation in perfor-
mance that may not be apparent from population-level sum-
maries alone.

Another strength is the focus on misclassification patterns rath-
er than overall discrimination alone. In addition to reporting 
standard agreement metrics, we specifically examined lower-
acuity LLM assignment compared with routine ED triage and 
higher-acuity LLM assignment compared with routine ED tri-
age across clinically relevant subgroups. This approach high-
lighted vulnerable groups, particularly older adults, patients 
with diabetes mellitus, and trauma-related presentations, in 
whom reduced performance may have practical implications. 
By identifying both the areas of strong agreement and contexts 
in which further refinement may be needed, the study provides 
useful direction for the future development and evaluation of 
more reliable, subgroup-sensitive LLM-based triage systems.

Conclusions

In this retrospective study, an algorithm-guided LLM showed 
substantial agreement with routine local ED triage; however, 
agreement and discordance patterns varied across clinically 
distinct patient subgroups. These findings reflect concordance 
with routine triage decisions rather than validated clinical ur-
gency, diagnostic accuracy, or patient outcomes. Routine ED 
triage should therefore be interpreted as an operational com-
parator, not as an outcome-based gold standard. Overall, the 
results suggest that subgroup-sensitive evaluation may be as 

important as aggregate concordance when assessing future 
LLM-supported triage tools. Prospective outcome-based stud-
ies and multicenter external validation are required before clin-
ical implementation can be recommended.
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